We prepared [3H]inositol-, 3-[32P]phosphateand 4-[32P]phosphate-labeled inositol phosphate substrates to investigate the metabolism of inositol 1,3,4-trisphosphate and inositol 1,4-bisphosphate. In crude extracts of calf brain, inositol 1,3,4-trisphosphate is first converted to inositol 3,4-bisphosphate, then the inositol 3,4-bisphosphate intermediate is further converted to inositol 3-phosphate. Similarly, inositol 1,4-bisphosphate is converted to inositol 4-phosphate, and no inositol 1-phosphate is formed. We partially purified an enzyme that we tentatively name inositol polyphosphate 1-phosphatase. This cytosolic enzyme converts inositol 1,3,4-trisphosphate to inositol 3,4-bisphosphate and also converts inositol 1,4-bisphosphate to inositol 4-phosphate. The enzyme does not utilize inositol 1,3,4,5-tetrakisphosphate, inositol 1,4,5-trisphosphate, or inositol 1-phosphate as substrates.
Inositol phospholipids are membrane lipids that are rapidly metabolized in response to extracellular agonists to liberate several second messenger molecules and precursors of messenger molecules (for review, see refs. [1] [2] [3] . A phospholipase C enzyme hydrolyzes all three inositol phospholipids (4) and its cyclic counterpart to Ins(1,4)P2 (8) (9) (10) and cyclic inositol 1:2,4-bisphosphate (11) , respectively. Additionally, Ins (1, 4, 5) P3 is metabolized to inositol 1,3,4,5-tetrakisphosphate [Ins (1, 3, 4, 5 )P4] by a 3-kinase and subsequently converted to a different inositol trisphosphate isomer, inositol 1,3,4-trisphosphate [Ins (1, 3, 4) P3], by the same 5-phosphomonoesterase (12) (13) (14) (15) (16) (17) .
In the current study, we have investigated the further metabolism of Ins (1, 3, 4) P3 in crude extracts from calf brain utilizing substrates with radiolabels in the inositol ring, the 3-phosphate, or the 4-phosphate. We find that inositol 3,4-bisphosphate [Ins (3, 4) P2] is the first product formed from Ins (1, 3, 4) P3. In addition, we find that the enzyme that utilizes this substrate also converts Ins (1, 4) Irvine et al. (14) as described (17) . Briefly, rat brain cortex in 160 mM sucrose/10 mM Hepes, pH 7.5, was homogenized with a Teflon-glass homogenizer, and the homogenate was centrifuged at 50,000 x g for 30 min. The supernatant was used as a crude source ofboth Ins(1,4,5)-P3 3-kinase and inositol phosphate 5-phosphomonoesterase. In some cases the 3-kinase was partially purified as described (17 In further purification of inositol polyphosphate 1-phosphatase, we used assay 2 to resolve the enzyme from inositol monophosphate phosphatase. The ratio of the inositol polyphosphate 1-phosphatase activity to inositol monophosphate phosphatase activity in the most highly purified enzyme pool is 110-fold greater than that in the starting supernatant. The residual activity using Ins 1P as substrate is heat stable, suggesting that it results from inositol monophosphate phosphatase contamination and not slight activity of inositol polyphosphate 1-phosphatase on Ins 1P. pi Ylns (1,4)P2 Iris(1,3,4 with crude calf brain supernatant using conditions in which -50% of the substrate was hydrolyzed as shown in Fig. 3 . dl-Ins 1P was included in this reaction to saturate the inositol monophosphate phosphatase and thus trap any inositol monophosphate intermediate of Ins (1,4) Fig. 4 . We demonstrated that the first product of Ins(1,3,4)P3 hydrolysis in calf brain is Ins(3,4)P2, an inositol bisphosphate isomer. Ins(3,4)P2 elutes after Ins(1,4)P2 on HPLC using a SAX column (Fig. 2B ). This elution position is consistent with that of the inositol bisphosphates resulting from Ins(1,3,4)P3 metabolism that were described in rat liver (27) and rat parotid glands (16).
Hansen et al. (27) Fig. 2 ) suggest that Ins(3,4)P2 is further hydrolyzed to Ins 3P by a 4-phosphatase.
We find that Ins(1,4)P2 metabolism in calf brain yields Ins 4P as the sole monophosphate product (see Fig. 3 ). This finding contradicts the conclusions of several other investigators. Storey et al. (28) claim that Ins(1,4)P2 is acted upon by both a 1-and a 4-phosphatase in rat liver. (29) detected a 4-phosphate specific bisphosphatase in blowfly salivary glands, though these data were not specifically reported. It is unclear whether this represents a difference among species or whether the investigators were unable to resolve Ins 4P and Pi on the Dowex chromatography system used. Finally, Ackermann et al. (26) incubated 700 ,uM Ins(1,4)P2 with crude rat brain cytosol and detected formation of both Ins 4P and Ins 1P, though Ins 4P was the major product. The difference between this result and the data presented here might result from action of a 4-phosphatase with low affinity for Ins(1,4)P2 that we were unable to detect at low substrate concentrations.
An interesting feature of the pathway described here is that Ins(1,4,5)P3 recycles to inositol via Ins 4P rather than Ins 1P. Sherman et al. (30) directly measured the levels of Ins 1P and Ins 4P in rat cerebral cortex using gas chromatography. In both control and lithium-treated animals, Ins 1P was the predominant inositol monophosphate. In lithium-treated tUnder some conditions we find evidence for a 4-phosphatase that utilizes Ins (1,3,4 rats, 92% of the inositol monophosphate was Ins 1P, while 8% was Ins 4P. Similarly, Siess (31) found that Ins 1P was the most abundant inositol monophosphate in thrombin-stimulated platelets using an HPLC system that separates Ins 1P from Ins 4P. The current results suggest that the presence of Ins 1P in cells results from either direct action of phospholipase C upon phosphatidylinositol or from hydrolysis of cyclic inositol 1:2 phosphate to Ins 1P (see Fig. 4 ).
We have partially purified an enzyme that removes the 1-phosphate from both Ins(1,3,4)P3 and Ins(1,4)P2. Our preliminary work suggests that this enzyme does not utilize Ins 1P as a substrate, so we have tentatively named the enzyme inositol polyphosphate 1-phosphatase. We find no activity of this enzyme upon Ins(1,4,5)P3 or Ins(1,3,4,5)P4.
Our preliminary data show that 5 mM Li' causes >50% inhibition of the partially purified inositol polyphosphate 1-phosphatase activity. This result is consistent with the findings of several investigators who noted increases in Ins(1,3,4)P3 and Ins(1,4)P2 after Li' treatment (27, 32, 33) . In addition, Storey et al. (28) found that Li' inhibited bisphosphatase activity in rat liver cytosol. An enzyme activity similar to the inositol polyphosphate 1-phosphatase described in this paper may thus account for the inositol phosphate metabolism reported by those investigators.
